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Description

Field of the invention

[0001] The present invention relates to a method of
operating a fluid-working machine, a fluid-working ma-
chine, and computer program code. The present inven-
tion may more particularly relate to a hydraulic pump or
motor having control of individual working chambers.

Background to the invention

[0002] In the most common positive displacement hy-
draulicmachines the fluid chambers undergo cyclical var-
iations in volume following a roughly sinusoidal function.
It is known from EP0361927 that a chamber can be left
to idle by holding an electromagnetically actuated valve,
between the working chamber and the low-pressure
source, in the open condition. Thus the output of such
synthetically commutated machines is varied through the
action of first filling each working chamber with liquid,
then deciding whether to reject the liquid back to the low-
pressure source or to pump it at pressure to the output
manifold. Pumping the liquid back to the low-pressure
source means that a very small amount of power needs
to be expended, during the time that a working chamber
is idle, whilst still allowing the working chambers to be-
come productive with a minimum latency period.
EP0494236 introduced an additional operating mode
which allows the use of the hydraulic machine in a mo-
toring cycle where torque is applied to the rotating shaft,
thus allowing a controllable bi-directional energy flow.
GB 2459520 and W0O/2009/153605 disclose machines
of this kind.

[0003] WO/2008/012587 introduced a method to ad-
just the working chamber cycles of such machines so as
to react very rapidly to events by adding or subtracting
torque (or flow) from the machine’s shaft (or outlets). The
adjustment causes additional or lesser torque (or flow)
compared to the original and underlying demanded
torque (or flow).

[0004] The designer wishing to use machines of the
aforementioned kind (for example due to their unsur-
passed efficiency and controllability) faces new challeng-
es which are not found when using machines in which
every working chamber is active each revolution and to
largely the same degree as each other. These challenges
include differential wear, shaft load balancing, and res-
onance. All of these challenges are caused by the some-
times irregular displacement of fluid and application of
torque to the rotating shaft and are described in more
detail in the following paragraphs.

[0005] Differential wear: over time, synthetically com-
mutated machines may use some cylinders statistically
more often than others. This is particularly a problem
when certain cylinders are connected at times to different
working functions, for example as described in
WO/2008/009950. This leads to a reductioninthe lifetime
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of the machine, as favoured working chambers may fa-
tigue or wear faster than infrequently used ones.

[0006] Shaft load balancing: many conventional fluid
working machines are designed so that radial forces ap-
plied by the many simultaneously active working cham-
bers to the rotating shaft are balanced or offset against
each other. However, where some working chambers
are disabled as in synthetically commutated machines,
it is possible for very high unbalanced forces to increase
wear or even damage the bearings holding the shaft, or
even to bend the shaft itself.

[0007] Resonance: applications where the irregular
application of torque to a shaft is undesirable include
transmissions such as vehicle and wind turbine trans-
missions, while applications where irregular displace-
ment of fluid is undesirable include those with working
functions such as mobile and fixed hydraulically driven
materials handling equipment (forklifts, excavators and
the like). In these applications, irregularity can excite or
exacerbate mechanical resonances inherentin the struc-
tures and parts driven by or driving the fluid working ma-
chine. For example, irregular drive of a wheel might in-
duce undue torsional vibration at the natural frequency
of an axle, or the irregular force from a so-driven wheel
reacting against the ground may induce undue structural
vibration at the natural frequency of parts of a vehicle
chassis. In material handling equipment the irregularity
of displacement of fluid into a hydraulic actuator might
induce undue vibration at the natural frequency of a fork-
lift's tower or the extendable arm of an excavator, for
example.

[0008] From the above it will be appreciated that there
are numerous applications in which careful control of the
output torque or fluid displacement from a synthetically
commutated fluid working machine is very important. The
present invention aims to address various of the prob-
lems described above.

Summary of the invention

[0009] Inafirstaspect, the invention provides a method
of operating a fluid working machine according to Claim
1, preferred or optional features of the invention being
set out in the dependent claims.

[0010] The selection of the volume of working fluid may
be achieved by operating an actuator in dependence on
a control signal received from a control unit, for example.
However, the present invention concerns varying the
amount of fluid displaced during individual cycles of work-
ing chamber volume according to a secondary need (that
isto say, a need other than meeting the demand indicated
by the received demand signal), while continuing to pro-
vide a time-averaged flow which meets the demand in-
dicated by the received demand signal. Thus, the method
may comprise selecting, from amongst a plurality of com-
binations of fluid displacement by individual working
chambers which would give the same total flow, a com-
bination of fluid displacements by individual working
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chambers which meets a secondary need, and is there-
fore more or most suitable.

[0011] The takinginto account of the suitability of work-
ing chambers when selecting the volume of working fluid
to be displaced by a working chamber enables the fluid-
working machine to displace an appropriate amount of
fluid to meet a working function, responsive to a received
demand signal, but to also keep in balance one or more
additional considerations which would not be possible if
the suitability of working chambers was not taken into
account. Typically the peak to peak flow and shaft torque
ripple produced by the fluid working machine increase
when the suitability is taken into account when selecting
the volume of working fluid to be displaced by a working
chamber. This is normally considered to be an unfavour-
able attribute, but surprisingly we have found that there
are some circumstances where the increased ripple is
beneficial, if the working chambers are selected accord-
ing to both the demand and the secondary need.
[0012] The suitability of a working chamber (e.g. the
first working chamber) to displace fluid to carry out the
working function is typically related to a mechanical con-
sideration (not the time averaged flow of fluid). A me-
chanical consideration is typically the effect on a move-
able mechanical component of a force applied to it by
the working fluid displaced by the fluid working machine.
For example, a mechanical consideration includes wear
of one or more components of the fluid working machine,
net forces acting on the machine as a result of the dis-
placement of fluid by the working chambers, orresonanc-
es within a mechanical component driven by or driving
the fluid working machine. The suitability of a working
chamber may be related to a mechanical consideration
related to the expected lifetime or time between mainte-
nance requirements of the fluid working machine or one
or more components thereof.

[0013] The suitability of a working chamber may in-
clude at least one suitability measure predictive of the
effect on a secondary parameter of selecting the working
chamber for an active cycle, for example. The demand
signal may be a demand for time-averaged fluid delivery,
for example, and the secondary parameter may be a re-
quirement for the timing of the individual deliveries mak-
ing up the time-averaged fluid delivery The secondary
parameter may be a mechanical parameter relating to a
mechanical consideration, for example, a parameter con-
cerning the wear of one or more components of the fluid
working machine, the net forces within the fluid working
machine, or a measure of mechanical resonance in a
mechanical componentdriven by or driving the fluid work-
ing machine.

[0014] The method preferably comprises receiving a
current value of one or more mechanical parameters re-
lated to the mechanical consideration. A current value of
amechanical parameter may be a measured mechanical
parameter or a calculated mechanical parameter. Typi-
cally suitability of a working chamber is determined by
reference to the current value of the one or more me-
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chanical parameters. Typically suitability of a working
chamber is determined with reference to one, some or
all of the predicted future value of the one or more me-
chanical parameters, the predicted future value taking
into account the current value of the one or more me-
chanical parameters and the effect on the mechanical
consideration of selecting the working chamber for an
active cycle, for example. Typically the method compris-
es selecting the suitability of a working chamber with ref-
erence to the predicted future value of the one or more
mechanical parameters, the predicted future value taking
into account the current value of the one or more me-
chanical parameters and the effect on the mechanical
consideration of selecting the working chamber for an
active cycle, for example.

[0015] Typically, the suitability of a first working cham-
ber is higher than that of a second working chamber if
selecting the first working chamber for an active cycle,
for example, will have a greater effect on bringing the
predicted future value of the one or more mechanical
parameters towards a desirable value thereof, compared
to selecting the second working chamber for an active
cycle, for example. A desirable value of the predicted
future value of the one or more mechanical parameters
is typically one in which the future values of a plurality of
mechanical parameters are balanced.

[0016] Mechanical parametersinclude forexample the
number of active cycles carried out by individual working
chambers and their valves; a measure of working cham-
ber or valve wear, typically weighted by the number of
active cycles and the contribution of the current condi-
tions to wear (for example the pressure in the working
chamber during the active cycle); the force vectors ap-
plied by working chambers in use to the shaft driving
them; and the relative positions, velocities or accelera-
tions (including angular positions, velocities or acceler-
ations) of mechanical structures driven by or driving the
working function.

[0017] It may be that there is a plurality of mechanical
parameters and that the method comprises determining
the suitability of a working chamber with reference to the
effect on the future values of the plurality of mechanical
parameters. In particular, the method may comprise de-
termining the suitability of a working chamber such that
a higher suitability is determined when the future values
of the plurality of mechanical parameters are balanced.
The method preferably comprises selecting that working
chamber or those working chambers, for example for ac-
tive cycles, that restore balance in or increase the bal-
ance between the current or future values of the mechan-
ical parameters. Thus, the method preferably comprises
selecting that working chamber or those working cham-
bers, for example for active cycles, that counteracts (or
compensates) imbalance between the current or future
values of the mechanical parameters.

[0018] Balanced, with respectto a plurality of mechan-
ical parameters, typically means that the parameters are
related to each other in a desired way. They are thus
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similar to each other, or their vectors sum together to
zero, or they are related to each other in desired ratios,
depending on the application.

[0019] Typically suitability to carry out the working
function is determined at least once per cycle of working
chamber volume, for each working chamber.

[0020] The controller may actively control the said elec-
tronically controllable valves (for example by outputting
control signals), in phased relationship to cycles of work-
ing chamber volume, to regulate the time-averaged dis-
placement of the working chambers, responsive to the
received demand signal.

[0021] The fluid working machine may function only as
amotor, or only as a pump. Alternatively, the fluid working
machine may function as either a motor or a pump in
alternative operating modes.

[0022] Preferably, each working chamber is operable
on each cycle of working chamber volume to carry out
an active cycle in which the chamber makes a net dis-
placement of working fluid or an idle cycle in which the
chamber makes substantially no net displacement of
working fluid. It may be that each working chamber is
operable to displace one of a plurality of volumes of work-
ing fluid (for example, a range of volumes of working fluid)
during an active cycle. The said range of volumes may
be discontinuous, for example, the range of volumes of
working fluid may comprise a range extending from afirst
minimum of substantially no net fluid displacement, to a
first maximum of at most 25% or 40% of the maximum
net fluid displacement of a working chamber, and then
from a second minimum of at least 60% or 75% of the
maximum net fluid displacement of a working chamber,
to a second maximum in the region of 100% of the max-
imum net fluid displacement of a working chamber. This
may occur where, for example, the operating working
fluid pressure is sufficiently high that it is not possible to
open or close valves in the middle of expansion or con-
traction strokes of working chamber volume, or the fluid
flow is sufficiently high that operating with a continuous
range of volumes would be damaging to the working
chamber, the valves of the working chamber, or other
parts of the fluid working machine.

[0023] Preferably the method comprises also taking in-
to account the relative suitability of at least one second
working chamber or chambers to displace fluid to carry
out the working function. The suitability of the at least
one second working chamber may be the suitability of
the second working chamber during a cycle of working
chamber volume shortly after, shortly before, simultane-
ous to, in phase with, or contemporaneous to the cycle
of working chamber volume of the first working chamber.
Shortly after preferably means that the cycle of working
chamber volume of the second working chamber begins
before the cycle of working chamber volume of the first
working chamber ends. Shortly before preferably means
that the cycle of working chamber volume of the second
working chamber ends before the cycle of working cham-
ber volume of the first working chamber begins. Contem-
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poraneous to preferably means that suitability is deter-
mined for cycles of working chamber volume of the first
and second working chambers which overlap in time.
[0024] Preferably the fluid-working machine is opera-
ble such that, on at least some occasions, the first work-
ing chamber carries out an active cycle instead of an idle
cycle as a result of its relative suitability compared to at
least one second working chamber. Thus, the method
may comprise determining whether the at least one sec-
ond working chamber is unsuitable and causing the first
working chamber to execute an active cycle instead of
an idle cycle responsive thereto. Preferably the volume
of working fluid displaced by the at least one second
working chambers is selected to carry out the working
function responsive to the received demand signal, tak-
ing into account the selected volume of working fluid dis-
placed by said first working chamber. It may be that the
volume of working fluid displaced by a plurality of second
working chambers is selected to carry out the working
function responsive to the received demand signal, tak-
ing into account the selected volume of working fluid dis-
placed by said first working chamber. It may be that the
volume of working fluid displaced by the at least one sec-
ond working chambers is selected to carry out the work-
ing function exactly responsive to the received demand
signal.

[0025] The controller may compute or otherwise proc-
ess an algorithm, which algorithm takes into account a
plurality of input data including suitability data, wherein
for at least some input data including suitability data in-
dicative that the second working chamber is more suita-
ble to carry out the working function than the first working
chamber, the algorithm is operable to determine that the
firstworking chamber should notcarry out an active cycle,
and for the same input data except that the suitability
datais indicative that the second working chamber is less
suitable to carry out the working function than the first
working chamber, the algorithm is operable to determine
that the first working chamber should carry out an active
cycle. For example, the controller may execute a stored
program (the stored program encoding the algorithm)
and thereby process the algorithm. In other words, the
controller may receive a plurality of input data, and proc-
ess the input data to determine whether or not the first
working chamber should carry out an active cycle, said
processing further comprising processing suitability data
associated with the first working chamber and a second
working chamber to determine the relative suitability of
the first working chamber relative to the second.

[0026] The controller may comprise a phase input for
receiving a phase signal indicative of the phase of volume
cycles of working chambers of a fluid working machine.
The phase signal may be received from a phase sensor,
for example an optical, magnetic or inductive phase sen-
sor. The phase sensor may sense the phase of a crank-
shaft (which may be an eccentric crankshaft) and the
controller may infer the working chamber phase from the
sensed eccentric crankshaft phase.
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[0027] Preferably, when the demand indicated by the
received demand signal is sufficiently low, one or more
working chambers operable to displace fluid to carry out
the working function is redundant during one or more
cycles of working chamber volume, that is to say, if the
working chamber was not present or was not operating,
the fluid-working machine could anyway displace suffi-
cient fluid to meet the demand without changing the over-
allfrequency of active cycles of working chamber volume.
[0028] Preferably, when the demand indicated by the
received demand signal is sufficiently low, the selected
volume of fluid displaced by at least one of the working
chambers which are available to carry out the working
function is substantially zero for at least some cycles of
working chamber volume. In some embodiments, when
the demand indicated by the received demand signal is
sufficiently low, at least one of the working chambers
which are available to carry out the working function car-
ries out an idle cycle for at least some cycles of working
chamber volume. In some embodiments, wherein the
working chambers are operable to displace one of a plu-
rality of volumes of working fluid, when the demand in-
dicated by the received demand signal is sufficiently low,
the selected volume of fluid displaced by at least one of
the working chambers which are available to carry out
the working function is less than the maximum volume
of working fluid which the said at least one of the working
chambers is operable to displace.

[0029] The received demand signal may indicate a de-
sired volume of working fluid to be displaced (e.g. re-
ceived or output) to fulfil a working function. The received
demand signal may indicate a desired output or input
pressure, for example. The received demand signal may
indicate a desired rate to displace fluid to fulfil a working
function. A fluid response sensor may be provided to
monitor a property of received or output fluid, forexample,
the pressure of received or output fluid, or the rate of
displacement of received or output fluid, and to provide
a fluid response signal. The controller may compare the
fluid response signal and the received demand signal to
select the volume of working fluid displaced by one or
more said working chambers on each cycle of working
chamber volume, for example to perform closed loop
control.

[0030] The volume cycles of the firstand second work-
ing chambers may be synchronised (in phase), or the
first may be before the second, or the second may be
before the first.

[0031] In embodiments in which suitability is deter-
mined by the historical amount of use of a working cham-
ber, a measurement or prediction of use preferably in-
cludes a weighting factor determined from one or more
operating parameters at the time of use. Said operating
parameters may include the timing of the opening or clos-
ing ofthe atleastone valve, pressure, temperature and/or
fluid condition (including water content, air content, age).
[0032] In embodimentsin which the suitability is deter-
mined by the measurement or prediction of the net force
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applied to a rotatable shaft of said fluid working machine
by fluid-pressurised working chambers, the method pref-
erably comprises using measurements from one or more
pressure sensors in fluid communication with the working
fluid in the plurality working chambers, to calculate the
net force. Preferably the net force is predicted or meas-
ured more than once per working chamber volume cycle.
Preferably the method comprises predicting the net force
at a point falling within the next working chamber volume
cycle. Preferably the method comprises, before the be-
ginning of an upcoming cycle of working chamber volume
of the first working chamber, making a prediction of the
net force at a later point in the upcoming cycle. The net
force is preferably a radial net force. A radial net force is
one which acts perpendicular to the axis of rotation of
the rotatable shaft. The net force may be a maximum net
force, or may be an average net force, or may be some
relative estimate of net force.

[0033] The calculation of net force preferably compris-
es using knowledge of the physical arrangement of the
working chambers. The calculation of net force preferably
comprises keeping a record of which working chambers
are fluid-pressurised, which may include keeping a
record of which working chambers are undertaking active
cycles. The calculation of net force preferably includes
takinginto account non-fluid forces on the rotatable shaft.
Non-fluid forces preferably include spring forces, inertial
forces and gravitational forces. Net force can be calcu-
lated in any scale (including a non-linear scale) or in any
units.

[0034] In embodiments where the suitability is deter-
mined by the measurement or prediction of the motion
of a mechanical component, the suitability of each work-
ing chamber is determined from a prediction of the future
motion of the mechanical component. Typically working
chambers have higher suitability of the predicted future
motion is smoothest, that is to say, has the lowest accel-
eration or the lowest jerk or some combination thereof.
[0035] The method may include determining the suit-
ability of a group of working chambers, and determining
the suitability of a single working chamber with reference
to the suitability of said group. The suitability of a single
working chamber may be determined with reference to
the suitability of one or more groups of working chambers
to which it belongs and to measures of suitability relating
only to the single working chamber itself.

[0036] The invention extends in a second aspect to a
fluid working machine according to claim 14.

[0037] The invention extends in a third aspect to com-
puter program code which, when executed on a fluid
working machine controller, operates the fluid working
machine according to any of the methods described with
reference to the first aspect.

[0038] Thedisclosure,butnotthe inventionas claimed,
extends to a method of operating a power absorbing
structure comprising at least one mechanical component
and further comprising a fluid working machine itself com-
prising a plurality of working chambers of cyclically var-
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ying volume, each said working chamber operable to dis-
place a volume of working fluid which is selectable for
each cycle of working chamber volume, the method com-
prising selecting the volume of working fluid displaced
by one or more said working chambers during each cycle
of working chamber volume to carry out a working func-
tion responsive to a received demand signal, the method
further including measuring or predicting the motion of
the mechanical component and selecting the volume of
working fluid displaced by a first working chamber during
a cycle of working chamber volume taking into account
the measured or predicted motion of the mechanical
component under the influence of the fluid working ma-
chine.

[0039] By under the influence of is meant that the fluid
working machine may drive the mechanical component
or the mechanical component may drive the fluid working
machine, or both at different times. The power absorbing
structure preferably absorbs power from the surrounding
environment. The power absorbing structure may absorb
power from the fluid working machine. The power ab-
sorbing structure is preferably arenewable energy device
and may be a wind or tidal turbine. The power absorbing
structure may be a vehicle or the wheel or track of a
vehicle. The fluid working machine may drive or be driven
by more than one said mechanical component.

[0040] Mechanical components may include the rotat-
able shaft of the fluid working machine or the rotatable
body of the fluid working machine, or may include com-
ponents attached to said rotatable parts either directly or
indirectly. Said motion may be an oscillatory motion, an
acceleration and/or a velocity. Said motion may be a ro-
tational motion, a linear motion, or a combination of one
or more rotational and linear motions. The motion may
be an absolute motion, by which is meant a motion of the
mechanical component compared to an essentially fixed
base. The motion may be a relative motion, by which is
meant a motion of the mechanical component compared
to a reference mechanical component which may itself
be moving or movable. The method may comprise de-
termining the suitability of a working chamber from me-
chanical conditions of the mechanical component con-
sequent to the motion. Mechanical conditions may in-
clude stresses, strains or shapes, and may include dy-
namic stresses, strains or shapes.

[0041] The method may comprise calculating the fu-
ture motion of the mechanical component. The method
may comprise determining the suitability of a working
chamber from the future motion of the mechanical com-
ponent.

[0042] Thedisclosure, butnottheinventionas claimed,
extends to a power absorbing structure comprising at
least one mechanical component and further comprising
a fluid working machine, operable in accordance with the
method of the fourth aspect. Preferably the power ab-
sorbing structure comprises sensors to determine the
motion of the mechanical component. Preferably the mo-
tion of the mechanical component under the influence of
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the fluid working machine is predictable or measurable.
Preferably the power absorbing structure comprises a
computer for predicting the motion of the mechanical
component under the influence of the fluid working ma-
chine.

[0043] Thedisclosure,butnotthe inventionas claimed,
extends to a computer model of a power absorbing struc-
ture comprising at least one mechanical component and
further comprising a fluid working machine itself compris-
ing a plurality of working chambers of cyclically varying
volume, each said working chamber operable to displace
a volume of working fluid which is selectable for each
cycle of working chamber volume to carry out a working
function responsive to a received demand signal, said
computer model being operable to predict the motion of
said at least one mechanical component under the influ-
ence of the fluid working machine. The computer model
may comprise a partial model of the fluid working ma-
chine, i.e. a model capable of simulating only some of
the properties of the fluid working machine. Preferably
the computer model can simulate the torque produced
by the selected working chambers of the fluid working
machine. The computer model may comprise a partial
model of the mechanical component, i.e. a model capa-
ble of simulating only some of the properties of the me-
chanical component. Preferably the computer model can
simulate the motion of the mechanical component under
the influence of the fluid working machine. The computer
model may comprise program code and data stored on
a computer readable carrier. The computer model may
comprise program code and data stored in memory in
electronic communication with a processor.

[0044] In an example which is not part of the claimed
subject-matter, there is provided a method of operating
afluid-working machine for a plurality of cycles of working
chamber volume, the fluid-working machine comprising
a plurality of working chambers of cyclically variable vol-
ume, each said working chamber being operable to dis-
place a selectable volume of working fluid during each
cycle (for example one of a first volume corresponding
to an ’active’ cycle and no net volume corresponding to
an ’idle’ cycle), and the method comprising: controlling
the plurality of working chambers in aggregate so as to
cause the total volume of working fluid displaced during
each cycle to conform to a global demand function (for
example to conform to a time-averaged demand signal,
in terms of pressure, volume, or other appropriate meas-
ure, and/or a demand signal that may or may not vary
over the course of a number of cycles); and controlling
the plurality of working chambers individually in accord-
ance with a suitability function that determines the suit-
ability of (for example, determines a suitability value for,
such as an absolute or relative value, which may for ex-
ample be used as a threshold or used to modify an ex-
isting threshold so as to determine whether or not each
working chamber is activated, such activation for exam-
ple determining a choice of volume of working fluid to
displace during a given cycle) each working chamber. A
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method such as this may for example relate to an ar-
rangement where the time-average torque (or other ap-
propriate measure) provided to a load may be varied ac-
cording to a (global) demand but the choice of individual
working chambers providing the instantaneous torque
may be varied in time according to a secondary consid-
eration. It will be appreciated that specific features and
terms of the present aspect may differ from features of
other aspects mentioned above; with regard to the de-
scription below, the skilled man will recognise that such
features and terms are generally interchangeable and in
some cases may be omitted (unless they are clearly in-
dicated to be essential features of the invention) or add-
ed.

[0045] References above to making predictions may
for example include the step of, or means for, processing
a set of data representing measurements relevant to the
prediction in accordance with an appropriate formula and
outputting a prediction value representing the relevant
prediction.

[0046] Further variations and modifications may be
made within the scope of the invention, as will present
themselves to those skilled in the art.

Description of the Drawings

[0047] An example embodiment of the present inven-
tion will now be illustrated with reference to the following
Figures in which:

Figure 1 shows a fluid working machine suitable for
use with the invention;

Figure 2 illustrates the progression of an algorithm
implementing the invention;

Figure 3 shows the use of the invention to reduce
unbalanced forces in a ring cam fluid working ma-
chine;

Figure 4 shows the use of the invention to eliminate
structural vibration in a wind turbine generator; and

Figure 5 shows the use of the invention to avoid dam-
age caused by rollers being activated over segment

boundaries in a segmented ring cam motor.

Detailed Description of an Example Embodiment

[0048] Figure 1 illustrates a fluid working machine in
the form of a synthetically commutated hydraulic
pump/motor 1 comprising a plurality of working chambers
2 (designated individually by letters A to H) which have
volumes defined by the interior surfaces of cylinders 4
and pistons 6 which are driven from a rotatable crankshaft
8 by an eccentric cam 9 and which reciprocate within the
cylinders to cyclically vary the volume of the working
chambers. A shaft position and speed sensor 10 deter-
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mines the instantaneous angular position and speed of
rotation of the shaft, and through signal line 11 informs
a controller 12, which enables the controller to determine
the instantaneous phase of the cycles of each working
chamber. The controller is typically a microprocessor or
microcontroller which executes a stored program in use.
[0049] The working chambers are each associated
with Low Pressure Valves (LPV) in the form of electron-
ically actuated face-sealing poppet valves 14, which face
inwards toward their associated working chamber and
are operable to selectively seal off a channel extending
from the working chamber to a low pressure manifold 16,
which functions generally as a net source or sink of fluid
in use and may connect one or several working cham-
bers, or indeed all as is shown here, to a reservoir (not
shown) through a low pressure port 17. The LPVs are
normally open solenoid closed valves which open pas-
sively when the pressure within the working chamber is
less than the pressure within the low pressure manifold,
i.e. during an intake stroke, to bring the working chamber
into fluid communication with the low pressure manifold,
but are selectively closable under the active control of
the controller via LPV control lines 18 to bring the working
chamber out of fluid communication with the low pressure
manifold. Alternative electronically controllable valves
may be employed, such as normally closed solenoid
opened valves.

[0050] The working chambers are each further asso-
ciated with High Pressure Valves (HPV) 20 in the form
of pressure actuated delivery valves. The HPVs face out-
wards from the working chambers and are operable to
seal off a channel extending from the working chamber
to a high pressure manifold 22, which functions as a net
source or sink of fluid in use and may connect one or
several working chambers, orindeed all as is shown here,
to a high pressure port 24. The HPVs function as nor-
mally-closed pressuring-opening check valves which
open passively when the pressure within the working
chamber exceeds the pressure within the high pressure
manifold. The HPVs may also function as normally-
closed solenoid opened check valves which the controller
may selectively hold open via HPV control lines 26 once
that HPV is opened by pressure within the associated
working chamber. The HPV may additionally be opena-
ble under the control of the controller when there is pres-
sure in the high pressure manifold but not in the working
chamber, or may be partially openable. A pressure relief
valve 28 may protect the fluid working machine from dam-
age.

[0051] As well as determining whether or not to close
or hold open the LPVs or HPVs on a cycle by cycle basis
in the manner of the prior art, the controller is operable
to vary the precise phasing of the closure of the LPVs
and HPVs with respect to the varying working chamber
volume. Arrows on the ports 17,24 indicate fluid flow in
the pumping mode; in the motoring mode the flow is re-
versed.

[0052] Figure 2 shows the operation of an algorithm
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that implements the invention, and proceeds as follows.
At each timestep t1 to t13 (falling at points of maximum
volume of successive working chambers A through H) a
register increments by a value representing the instan-
taneous displacement demand of the pump 1, the dis-
placement demand being related to the required torque,
pressure or flow in the usual manner. The register value
is shown as trace 50. In machines of the prior art, when
the register reaches the basic threshold 52 (typically
equivalent to 100% of the volume of one working cham-
ber) the controller 12 will activate the valves 14,20 of the
corresponding working chamber to pump (or motor) a
quantity of fluid. At that time the volume of fluid pumped
(or motored) is subtracted from the register and the ac-
cumulation begins at a lower level at the next timestep.
In this way any required flow can be produced from a
sequence of working chamber activations.

[0053] The method of this invention provides for a var-
ying secondary parameter to modify the basic threshold
52 to produce an adjusted threshold shown as trace 54,
and representing the suitability for use of aworking cham-
ber relative to other working chambers. Thus, the ma-
chine according to this invention and example would ac-
tivate working chamber C at t3 (indicated by mark 56), a
particularly suitable time, compared to the previously
known machines which would activate working chamber
D at time t4, a less suitable time. The register is then
decremented 58 to a new level. The neutrality of time t5
is reflected in that the basic and adjusted thresholds are
very similar there. At t7 the previously known machines
would have activated working chamber G due to the reg-
ister value 50 exceeding the basic threshold 52, but this
is a particularly unsuitable working chamber and so the
secondary parameter raises the adjusted threshold. The
working chamber H is instead activated at the delayed
time t8.

[0054] In this manner the invention can favour or tend
to avoid certain working chambers, based on any suitable
secondary parameter that indicates their suitability for
use, so as to vary the timing of displacement while main-
taining the same average throughput of fluid.

[0055] Where the fluid working machine has multiple
working chambers available for use at any given time (for
example a multi-eccentric machine with two or more
planes of cylinders spaced apart axially along the length
of the crankshaft, or a machine having a multi-lobed
cam), the algorithm may use a different adjusted thresh-
old for each of those working chambers for which a de-
cision is being made, at each timestep, for example to
favour one over another.

[0056] The invention can be used to evenly distribute
wear or fatigue amongst the working chambers A to H of
the pump/motor 1. The adjusted threshold could be cal-
culated from an estimate by the controller of the historical
wear incurred on the working chamber. The historical
wear prediction might be simply the historical number of
times working chamber has been used previously. Alter-
natively the algorithm may predict wear by estimating or
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measuring the amount of wear incurred under the specific
operating conditions at the time of the working chamber
use, for example weighting more strongly or only ac-
counting for cylinder use at high or low shaft speeds, high
or low pressures, high or low temperatures or any other
factor or combination of factors related to wear. The al-
gorithm could separately account for wear in different
components associated with one working chamber, for
example the valves, piston or cylinder, using different
prediction measures for each.

[0057] The adjusted threshold can be adjusted for a
group of working chambers together, due to historical
wear. In a multi-eccentric machine with two or more
planes of cylinders spaced apart axially along the length
of the crankshaft, the controller may account for wear of
the eccentrics, and change the adjusted threshold of all
working chambers associated with each eccentric. In a
machine having a multi-lobed cam, the controller may
account for wear of each lobe, and change the adjusted
threshold of each working chamber temporarily associ-
ated therewith.

[0058] While the description has so far assumed that
the basic threshold is adjusted to reflect past events, it
is possible and advantageous in some situations for the
adjusted threshold to represent or model the future situ-
ation under the scenario that a certain working chamber
is in fact activated or not activated.

[0059] Figure 3 (a) shows a cam ring 70 for the pump
of a hydraulic wind turbine transmission comprising a
high torque roller-piston pump and afast-rotating hydrau-
lic motor. In such a roller-piston pump the rollers (not
shown) roll on the cam ring 70 and are connected to
pistons (also not shown) which in turn cycle slidingly in-
side cylinders to together form working chambers anal-
ogous to those in the fluid working machine of Figure 1.
As the camring rotates in direction 72, the controller con-
trols the pressurisation of the working chambers in the
manner previously described (i.e. through the activation
of low and high pressure valves with reference to a shaft
position sensor), and therefore controls the application
of forces 74 by the rollers acting on the cam. A bearing
76 is required to hold the cam in place against the net
force 78.

[0060] Machines controlled according to the methods
of the prior art may easily produce configurations like that
shown in Figure 3 a), in which many working chambers
on one side of the cam have been activated but few on
the opposite side. This creates alarge net force 78, which
may unnecessarily wear, distort or even destroy the bear-
ing 76.

[0061] Figure 3 (b) shows the behaviour of a machine
having the benefit of the present invention, in which a
secondary parameter which predicts the magnitude of
the net force on the bearing should a working chamber
in question be activated adjusts the basic threshold. A
pump according to the invention, at the moment of de-
ciding which working chambers to activate, calculates,
for each possible working chamber or combination there-
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of that might be activated to fulfil the current demand, the
peak magnitude of the net force that would result over
the next working chamber volume cycle, and thus choos-
es to activate that working chamber or those chambers
in combination which produces the smallest net force, or
the first working chamber found that produces a net force
that falls under a certain threshold. The net force might
be calculated from the working chamber bore size and
the high pressure manifold pressure, as well as the ge-
ometric position of each working chamber.

[0062] Instead of the peak magnitude of the net force,
the mean or some other measure could be used. Instead
of a horizon of one working chamber cycle, a longer or
shorter horizon could be used. The method of the inven-
tion might therefore cause the fluid working machine to
activate the working chambers shown in Figure 3 (b), to
produce a smaller net force 80 on the bearing 76 than in
Figure 3 (a).

[0063] Figure 4 shows a Wind Turbine Generator
(WTG, 100, acting as the power absorbing structure)
comprising a nacelle 102 rotatably mounted to a tower
104 and having mounted thereon a hub 106 supporting
three blades 108. The hub is connected via shaft 110
(shown schematically) to a hydraulic wind turbine trans-
mission comprising a high torque roller-piston ring cam
pump 112 and a fast-rotating motor 114, fluidically con-
nected to each other by high pressure line 116 and low
pressure line 118. The pump and motor are preferably
of the type described with reference to Figure 1. The
terms pump and motor indicate their most common op-
eration in the WTG and do not necessarily indicate a
restriction to operate only in those modes. The high 116
and low pressure 118 lines connect to the high 24 and
low 17 pressure ports respectively. The motor 114 is cou-
pled to a synchronous or other electric generator or motor
120, for example to provide power into an electricity net-
work or to receive power therefrom.

[0064] A controller 12 controls the valves of at least
the pump, using input from shaft speed sensor 10 and
from a plurality of sensors 122. The sensors are accel-
erometers, strain gauges and relative position sensors,
and are used to inform the controller of the current struc-
tural condition of the WTG, for example undesirable vi-
brations in the tower or blades, or resonance conditions.
[0065] In use the WTG may benefit from the invention
by using the algorithm described above with reference
to Figure 2. At each timestep the controller (acting as the
computer model of the sixth aspect) predicts the future
motion (structural response) of the WTG by convolving
the time response of a proposed working chamber with
the known characteristic response of the WTG pump,
hydraulic system, tower and blades. Such a prediction
also uses the current motion (structural condition) from
sensors 122. Certain parameters of the motion, for ex-
ample whether measurements are exceeded or the rel-
ative scale of a plurality of measurements, are used to
calculate a secondary parameter to produce the adjusted
threshold for each potential working chamber, from the
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basic threshold, and thence to select the volume dis-
placed by aworking chamber based on its suitability com-
pared to other working chambers.

[0066] In this manner the WTG, compared to WTGs
driving pumps controlled according to the prior art, has
reduced structural vibration, allowing it to lastlonger, sur-
vive greater hardship, or be built lighter and more cost
effectively than previously. The motion of two parts of the
WTG may be restored to a desirable balanced condition
by virtue of the invention.

[0067] Figure 5 shows a portion of a roller piston fluid
working machine 112 showing the cam ring 70 comprised
of two or more segments 130,132, a wave-shaped sur-
face 134 of which drives a plurality of rollers 136 to cy-
clically drive a piston 6 in a cylinder 4. The controller 12
controls active low pressure valves 14, and optionally
controls high pressure valves 20, through control lines
18,26, to fluidically connect or isolate the working cham-
ber from low 16 and high 22 pressure manifolds respec-
tively. The controller has a shaft position sensor 10 to
measure the shaft position as it rotates in direction 138,
and is therefore aware of segment boundaries 140. The
segment boundaries are typically arranged so that the
working chambers are not pressurised when the rollers
roll over them in a preferred mode of operation or direc-
tion, i.e. the rollers are always unloaded when they cross
the segment boundaries. For example in the machine
shown in Figure 5, which rotates in direction 138 and is
preferably operated as a pump, the rollers cross the seg-
ment boundaries on the expansion stroke of the associ-
ated working chamber.

[0068] In use, the fluid working machine may be re-
quired to operate at least some of the time as a motor,
for example for maintenance purposes, or as a pump in
the reverse direction. In this case, machines of the prior
art would activate working chambers so that the rollers
cross the segment boundary under load, causing dam-
age and wear. However, a machine employing the meth-
od of the invention will use a secondary parameter, de-
rived from the shaft position sensor and predicting wheth-
er an activated working chamber would cause a loaded
roller to cross a segment boundary, to select which work-
ing chambers to activate, and so avoid damage and wear
while maintaining the desired output over time.

Claims

1. A method of operating a fluid-working machine (1)
comprising a plurality of working chambers (2) of cy-
clically varying volume, each said working chamber
operable to displace a volume of working fluid which
is selectable for each cycle of working chamber vol-
ume, the method comprising selecting the volume
of working fluid displaced by one or more said work-
ing chambers (2) during each cycle of working cham-
ber volume to carry out a working function (24) re-
sponsive to a received demand signal, character-
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ised by selecting the volume of working fluid dis-
placed by a first working chamber during a cycle of
working chamber volume taking into account a suit-
ability (54) of said first working chamber (2) to dis-
place fluid to carry out the working function.

A method of operating a fluid-working machine (1)
according to claim 1, the fluid-working machine com-
prising a controller (12), and at least one valve (14,
20) associated with each working chamber (2) op-
erable to regulate the connection of the respective
working chamber to a low pressure manifold (16,
118) and a high pressure manifold (22, 116) , atleast
one valve associated with each working chamber
being electronically controllable under the active
control of the controller to select the volume of work-
ing fluid displaced during a cycle of working chamber
volume, wherein the controller receives the demand
signal and actively controls the said electronically
controllable valves, in phased relationship to cycles
of working chamber volume, to select the displace-
ment of fluid by one or more of the working chambers
on each cycle of working chamber volume, respon-
sive to the received demand signal.

A method of operating a fluid-working machine (1)
according to Claim 1 or Claim 2 wherein the amount
of fluid displaced by the first working chamber (2)
during an individual cycle of working chamber vol-
ume is greater when it is suitable than when it is
unsuitable.

A method of operating a fluid-working machine (1)
according to any one preceding claim comprising al-
so taking into account the relative suitability (54) of
at least one second working chamber (2) to displace
fluid to carry out the working function (24).

A method of operating a fluid-working machine (1)
according to Claim 4, wherein the amount of fluid
displaced by the first working chamber (2) during an
individual cycle of working chamber volume is great-
er than would be the case if a second said working
chamber (2) was relatively more suitable than the
first working chamber.

A method of operating a fluid-working machine (1)
according to Claim 4 or 5, wherein each working
chamber (2) is operable on each cycle of working
chamber volume to carry out an active cycle in which
the chamber makes a net displacement of working
fluid or an idle cycle in which the chamber makes
substantially no net displacement of working fluid,
wherein, on at least some occasions, the first work-
ing chamber carries out an active cycle instead of
an idle cycle as a result of the unsuitability of the
second working chamber
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10.

1.

12.

13.

14.

A method of operating a fluid-working machine (1)
according to any of Claims 4 to 6, wherein each work-
ing chamber (2) is operable on each cycle of working
chamber volume to carry out an active cycle in which
the chamber makes a net displacement of working
fluid or an idle cycle in which the chamber makes
substantially no net displacement of working fluid,
wherein, on at least some occasions, the first work-
ing chamber carries out an active cycle instead of
an idle cycle as a result of having greater suitability
(54) than the second working chamber.

A method of operating a fluid-working machine (1)
according to any of Claims 4 to 7, wherein the volume
of working fluid displaced by said atleast one second
working chamber (2)is selected to carry out the work-
ing function (24) responsive to the received demand
signal, taking into account the selected volume of
working fluid displaced by said first working cham-
ber.

A method of operating a fluid-working machine (1)
according to any of Claims 4 to 8, wherein volume
cycles of the first working chamber (2) are phased
earlier or later than volume cycles of the second
working chamber (2).

A method of operating a fluid-working machine (1)
according to any one preceding claim, wherein suit-
ability (54) is determined by the historical amount of
use of the one or more working chambers (2).

A method of operating a fluid-working machine (1)
according to any one preceding claim, wherein suit-
ability (54) is determined by measurement or predic-
tion of the net force (74) applied to a rotatable shaft
(8) of said fluid working machine by fluid-pressurised
working chambers(2).

A method of operating a fluid-working machine (1)
according to any one preceding claim, comprising
measuring or predicting the motion of a mechanical
component, said motion being influenced by said flu-
id working machine, and determining the suitability
(54)of each working chamber (2) responsive thereto.

A method of operating a fluid-working machine (1)
according to any one preceding claim wherein, when
the demand indicated by the received demand signal
is sufficiently low, the selected volume of fluid dis-
placed by at least one of the working chambers (2)
which are available to carry out the working function
(24) is substantially zero for at least some cycles of
working chamber volume.

A fluid-working machine (1) comprising a controller
(12) and a plurality of working chambers (2) of cycli-
cally varying volume, each said working chamber
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operable to displace a volume of working fluid which
is selectable by the controller (12) on each cycle of
working chamber volume, the controller (12) opera-
ble to select the volume of working fluid displaced
by one or more said working chambers (2) on each
cycle of working chamber volume to carry out a work-
ing function (24) responsive to a received demand
signal, characterised by the controller being oper-
able to select the volume of working fluid displaced
by a first working chamber (2) on a cycle of working
chamber volume taking into account the suitability
(54) of said first working chamber (2) to displace fluid
to carry out the working function.

Computer program code which, when executed on
a fluid working machine controller (12), operates the
fluid working machine (1) according to any one of
claims 1 to 13.

Patentanspriiche

1.

Verfahren zum Betreiben einer Fluidarbeitsmaschi-
ne (1), die mehrere Arbeitskammern (2) mit zyklisch
variierendem Volumen umfasst, wobei jede Arbeits-
kammer dazu funktionsfahig ist, ein Arbeitsfluidvo-
lumen zu verdrangen, das fir jeden Zyklus des Ar-
beitskammervolumens auswahlbar ist, wobei das
Verfahren das Auswahlen des von einer oder meh-
reren der Arbeitskammern (2) wahrend jedes Zyklus
des Arbeitskammervolumens verdrangten Arbeits-
fluidvolumens umfasst, um als Reaktion aufein emp-
fangenes Bedarfssignal eine Arbeitsfunktion (24)
auszufiihren, gekennzeichnet durch das Auswah-
len des durch eine erste Arbeitskammer wahrend
eines Zyklus des Arbeitskammervolumens ver-
drangten Arbeitsfluidvolumens unter Beriicksichti-
gung der Eignung (54) der ersten Arbeitskammer
(2), Fluid zu verdrangen, um die Arbeitsfunktion aus-
zufiihren.

Verfahren zum Betreiben einer Fluidarbeitsmaschi-
ne (1) nach Anspruch 1, wobei die Fluidarbeitsma-
schine eine Steuerung (12) und mindestens ein jeder
Arbeitskammer (2) zugeordnetes Ventil (14, 20), das
dazu funktionsfahig ist, die Verbindung der jeweili-
gen Arbeitskammer zu einem Niedrigdruckverteiler
(16, 118) und einem Hochdruckverteiler (22, 116) zu
regulieren, umfasst, wobei mindestens ein Ventil,
das je einer Arbeitskammer zugeordnet ist, unter der
aktiven Steuerung der Steuerung elektronisch steu-
erbar ist, um das Arbeitsfluidvolumen auszuwahlen,
das wahrend eines Zyklus des Arbeitskammervolu-
mens verdrangt wird, wobei die Steuerung das Be-
darfssignal empfangt und die elektronisch steuerba-
ren Ventile in einem abgestuften Verhaltnis zu den
Zyklen des Arbeitskammervolumens aktiv steuert,
um die Verdrangung von Fluid durch eine oder meh-
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1"

rere der Arbeitskammern bei jedem Zyklus des Ar-
beitskammervolumens als Reaktion auf das emp-
fangene Bedarfssignal auszuwahlen.

Verfahren zum Betreiben einer Fluidarbeitsmaschi-
ne (1) nach Anspruch 1 oder Anspruch 2, wobei die
Menge des durch die erste Arbeitskammer (2) wah-
rend eines einzelnen Zyklus des Arbeitskammervo-
lumens verdrangten Fluids groRer ist, wenn sie ge-
eignet ist, als wenn sie ungeeignet ist.

Verfahren zum Betreiben einer Fluidarbeitsmaschi-
ne (1) nach einem der vorstehenden Anspriiche,
ebenfalls das Berticksichtigen der relativen Eignung
(54) mindestens einer zweiten Arbeitskammer (2),
um zur Ausfiihrung der Arbeitsfunktion (24) Fluid zu
verdrangen, umfassend.

Verfahren zum Betreiben einer Fluidarbeitsmaschi-
ne (1) nach Anspruch 4, wobei die durch die erste
Arbeitskammer (2) wahrend eines einzelnen Zyklus
des Arbeitskammervolumens verdrangte Fluidmen-
ge groBer ist, als wenn eine zweite Arbeitskammer
(2) relativ besser geeignet ware als die erste Arbeits-
kammer.

Verfahren zum Betreiben einer Fluidarbeitsmaschi-
ne (1) nach Anspruch 4 oder 5, wobei jede Arbeits-
kammer (2) in jedem Zyklus des Arbeitskammervo-
lumens dazu funktionsfahig ist, einen aktiven Zyklus,
in dem die Kammer eine Nettoverdrangung des Ar-
beitsfluids durchfiihrt, oder einen Leerlaufzyklus, in
dem die Kammer im Wesentlichen keine Nettover-
drangung des Arbeitsfluids durchflihrt, auszufiihren,
wobei zumindest in einigen Fallen die erste Arbeits-
kammer als Reaktion auf die Nichteignung der zwei-
ten Arbeitskammer einen aktiven Zyklus anstelle ei-
nes Leerlaufzyklus ausfihrt.

Verfahren zum Betreiben einer Fluidarbeitsmaschi-
ne (1) nach einem der Anspriiche 4 bis 6, wobei jede
Arbeitskammer (2) in jedem Zyklus des Arbeitskam-
mervolumens dazu funktionsfahig ist, einen aktiven
Zyklus, in dem die Kammer eine Nettoverdrangung
des Arbeitsfluids durchfiihrt, oder einen Leerlaufzy-
klus, in dem die Kammer im Wesentlichen keine Net-
toverdrangung des Arbeitsfluids durchfiihrt, auszu-
fihren, wobei zumindest in einigen Fallen die erste
Arbeitskammer als Reaktion auf die bessere Eig-
nung (54) als die zweite Arbeitskammer einen akti-
ven Zyklus anstelle eines Leerlaufzyklus ausfuhrt.

Verfahren zum Betreiben einer Fluidarbeitsmaschi-
ne (1) nach einem der Anspriiche 4 bis 7, wobei das
durch die mindestens eine zweite Arbeitskammer (2)
verdrangte Arbeitsfluidvolumen dazu ausgewahlt
ist, die Arbeitsfunktion (24) als Reaktion auf das
empfangene Bedarfssignal unter Berilicksichtigung
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des ausgewahlten Arbeitsfluidvolumens, das von
der ersten Arbeitskammer verdrangt wird, auszufih-
ren.

Verfahren zum Betreiben einer Fluidarbeitsmaschi-
ne (1) nach einem der Anspriiche 4 bis 8, wobei die
Volumenzyklen der ersten Arbeitskammer (2) friher
oder spater als die Volumenzyklen der zweiten Ar-
beitskammer (2) eingestuft sind.

Verfahren zum Betreiben einer Fluidarbeitsmaschi-
ne (1) nach einem der vorstehenden Anspriiche, wo-
bei die Eignung (54) durch die historische Verwen-
dungshaufigkeit der einen oder mehreren Arbeits-
kammern (2) bestimmt wird.

Verfahren zum Betreiben einer Fluidarbeitsmaschi-
ne (1) nach einem der vorstehenden Anspriiche, wo-
bei die Eignung (54) durch eine Messung oder Vor-
hersage der auf eine drehbare Welle (8) der Fluid-
arbeitsmaschine durch die unter Fluiddruck stehen-
den Arbeitskammern (2) aufgebrachten Nettokraft
(74) bestimmt wird.

Verfahren zum Betreiben einer Fluidarbeitsmaschi-
ne (1) nach einem der vorstehenden Anspriiche, die
Messung oder Vorhersage der Bewegung einer me-
chanischen Komponente umfassend, wobei die Be-
wegung durch die Fluidarbeitsmaschine beeinflusst
wird, und Bestimmen der Eignung (54) jeder Arbeits-
kammer (2) als Reaktion darauf.

Verfahren zum Betreiben einer Fluidarbeitsmaschi-
ne (1) nach einem der vorstehenden Anspriiche, wo-
bei, wenn der durch das empfangene Bedarfssignal
angegebene Bedarf niedrig genug ist, das ausge-
wahlte durch mindestens eine der Arbeitskammern
(2), die verfugbar sind, um die Arbeitsfunktion (24)
auszuflihren, verdrangte Fluidvolumen fir zumin-
dest einige Zyklen des Arbeitskammervolumens im
Wesentlichen Null ist.

Fluidarbeitsmaschine (1), eine Steuerung (12) und
mehrere Arbeitskammern (2) mit zyklisch variieren-
dem Volumen umfassend, wobei jede Arbeitskam-
mer dazu funktionsfahig ist, ein Volumen eines Ar-
beitsfluids zu verdrangen, das durch die Steuerung
(12) in jedem Zyklus des Arbeitskammervolumens
auswabhlbar ist, wobei die Steuerung (12) dazu funk-
tionsfahig ist, das durch eine oder mehrere der Ar-
beitskammern (2) in jedem Zyklus des Arbeitskam-
mervolumens verdrangte Arbeitsfluidvolumen aus-
zuwahlen, um als Reaktion auf ein Bedarfssignal ei-
ne Arbeitsfunktion (24) auszufiihren, dadurch ge-
kennzeichnet, dass die Steuerung dazu funktions-
fahig ist, das durch eine erste Arbeitskammer (2) in
einem Zyklus des Arbeitskammervolumens ver-
drangte Arbeitsfluidvolumen unter Beriicksichtigung
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15.

22

der Eignung (54) der ersten Arbeitskammer (2), Fluid
zu verdrangen, um die Arbeitsfunktion auszufiihren,
auszuwahlen.

Computerprogrammcode, der, wenn er auf einer
Fluidarbeitsmaschinensteuerung (12) ausgefiihrt
wird, die Fluidarbeitsmaschine (1) nach einem der
Anspriiche 1 bis 13 betatigt.

Revendications

Procédé d’exploitation d’'une machine (1) a fluide de
travail comportant une pluralité de chambres (2) de
travail dont le volume varie cycliquement, chacune
desdites chambres de travail étant exploitable pour
déplacer un volume de fluide de travail qui peut étre
sélectionné pour chaque cycle de volume de cham-
bres de travalil, le procédé comportant la sélection
du volume de fluide de travail déplacé par une ou
plusieurs desdites chambres (2) de travail pendant
chaque cycle de volume de chambres de travail pour
réaliser une fonction (24) de travail en réponse a un
signal de demande recu, caractérisée par la sélec-
tion du volume de fluide de travail déplacé par une
premiere chambre de travail pendant un cycle de
volume de chambres de travail compte tenu d’une
adéquation (54) de ladite premiere chambre (2) de
travail pour déplacer du fluide afin de réaliser la fonc-
tion de travail.

Procédé d’exploitation d’'une machine (1) a fluide de
travail selon la revendication 1, la machine a fluide
de travail comportant un moyen (12) de commande,
etau moins une soupape (14, 20) associée a chaque
chambre (2) de travail, exploitable pour réguler le
raccordement de la chambre de travail considérée
a un collecteur (16, 118) a basse pression et a un
collecteur (22, 116) a haute pression, au moins une
soupape associée a chaque chambre de travail étant
commandable électroniquement sous le contrdle ac-
tif du moyen de commande pour sélectionner le vo-
lume de fluide de travail déplacé pendant un cycle
de volume de chambres de travail, le moyen de com-
mande recevant le signal de demande et comman-
dant activement lesdites soupapes commandables
électroniquement, en relation de phase avec des cy-
cles de volume de chambres de travail, pour sélec-
tionner le déplacement de fluide par une ou plusieurs
des chambres de travail sur chaque cycle de volume
de chambres de travail, en réponse au signal de de-
mande regu.

Procédé d’exploitation d’'une machine (1) a fluide de
travail selon la revendication 1 ou la revendication
2, laquantité de fluide déplacé par la premiére cham-
bre (2) de travail pendant un cycle individuel de vo-
lume de chambres de travail étant plus grande lors-
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qu’elle est adéquate que lorsqu’elle est inadéquate.

Procédé d’exploitation d’'une machine (1) a fluide de
travail selon 'une quelconque des revendications
précédentes, comportant également la prise en
compte de I'adéquation relative (54) d’au moins une
seconde chambre (2) de travail pour déplacer du flui-
de afin de réaliser la fonction (24) de travail.

Procédé d’exploitation d’'une machine (1) a fluide de
travail selon la revendication 4, la quantité de fluide
déplacé par la premiere chambre (2) de travail pen-
dant un cycle individuel de volume de chambres de
travail étant plus grande qu’elle le serait si une se-
conde desdites chambres (2) de travail était relati-
vement plus adéquate que la premiére chambre de
travail.

Procédé d’exploitation d’'une machine (1) a fluide de
travail selon la revendication 4 ou 5, chaque cham-
bre (2) de travail étant exploitable sur chaque cycle
de volume de chambres de travail pour effectuer un
cycle actif lors duquel la chambre réalise un dépla-
cement net de fluide de travail ou un cycle inactif lors
duquel la chambre n’effectue sensiblement aucun
déplacement net de fluide de travail, la premiere
chambre de travail réalisant, au moins a certaines
occasions, un cycle actif au lieu d'un cycle inactif en
raison de l'inadéquation de la seconde chambre de
travail.

Procédé d’exploitation d’'une machine (1) a fluide de
travail selon I'une quelconque des revendications 4
a 6, chaque chambre (2) de travail étant exploitable
sur chaque cycle de volume de chambres de travail
pour réaliser un cycle actif lors duquel la chambre
effectue un déplacement net de fluide de travail ou
un cycle inactif lors duquel la chambre n’effectue
sensiblement aucun déplacement net de fluide de
travail, la premiere chambre de travail réalisant, au
moins a certaines occasions, un cycle actif au lieu
d’'un cycle inactif en raison du fait qu'elle présente
une plus grande adéquation (54) que la seconde
chambre de travail.

Procédé d’exploitation d’'une machine (1) a fluide de
travail selon I'une quelconque des revendications 4
a7, le volume de fluide de travail déplacé par ladite
ou lesdites secondes chambres (2) de travail étant
sélectionné pour réaliser la fonction (24) de travail
enréponse au signal de demande regu, compte tenu
du volume sélectionné de fluide de travail déplacé
par ladite premiére chambre de travail.

Procédé d’exploitation d’'une machine (1) a fluide de
travail selon I'une quelconque des revendications 4
a 8, des cycles de volume de la premiére chambre
(2) de travail étant dotés d’une phase antérieure ou
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postérieure a des cycles de volume de la seconde
chambre (2) de travail.

Procédé d’exploitation d’'une machine (1) a fluide de
travail selon I'une quelconque des revendications
précédentes, 'adéquation (54) étant déterminée par
la quantité historique d’utilisation de la ou des cham-
bres (2) de travail.

Procédé d’exploitation d’'une machine (1) a fluide de
travail selon I'une quelconque des revendications
précédentes, 'adéquation (54) étant déterminée par
une mesure ou une prédiction de la force nette (74)
appliquée a un arbre tournant (8) de ladite machine
a fluide de travail par des chambres (2) de travail
sous pression de fluide.

Procédé d’exploitation d’'une machine (1) a fluide de
travail selon I'une quelconque des revendications
précédentes, comportant la mesure ou la prédiction
du mouvement d’'un composant mécanique, ledit
mouvement étant influencé par ladite machine a flui-
de de travail, etla détermination de 'adéquation (54)
de chaque chambre (2) de travail en réponse a cel-
les-ci.

Procédé d’exploitation d’'une machine (1) a fluide de
travail selon I'une quelconque des revendications
précédentes, le volume sélectionné de fluide dépla-
cé par au moins une des chambres (2) de travail qui
sont disponibles pour réaliser la fonction (24) de tra-
vail étant, lorsque la demande indiquée par le signal
de demande regu est suffisamment faible, sensible-
ment nul pendant au moins certains cycles de volu-
me de chambres de travail.

Machine (1) a fluide de travail comportant un moyen
(12) de commande et une pluralité de chambres (2)
de travail dont le volume varie cycliquement, chacu-
ne desdites chambres de travail étant exploitable
pour déplacer un volume de fluide de travail qui peut
étre sélectionné par le moyen (12) de commande
sur chaque cycle de volume de chambres de travail,
le moyen (12) de commande étant exploitable pour
sélectionner le volume de fluide de travail déplacé
parune ou plusieurs desdites chambres (2) de travail
sur chaque cycle de volume de chambres de travail
pour réaliser une fonction (24) de travail en réponse
a un signal de demande recu, caractérisée en ce
que le moyen de commande est exploitable pour
sélectionner le volume de fluide de travail déplacé
par une premiére chambre (2) de travail sur un cycle
de volume de chambres de travail compte tenu de
I'adéquation (54) de ladite premiére chambre (2) de
travail pour déplacer du fluide afin de réaliser la fonc-
tion de travail.

Code de programme informatique qui, lorsqu'il est
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exécuté sur un moyen (12) de commande d’'une ma-
chine a fluide de travail, fait fonctionner la machine
(1) a fluide de travail selon I'une quelconque des
revendications 1 a 13.
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